Abstract. Oman is generally hot and dry, but the Salalah region in southern Dhofar province is relatively cool and rainy during the summer monsoon, and has a distinctive pattern of infection. Important, notifiable infections in Oman include tuberculosis, brucellosis (endemic in Dhofar), acute gastroenteritis, and viral hepatitis: 4.9% of the adults are seropositive for hepatitis B surface antigen and approximately 1.2% for hepatitis C virus. Infection with human immunodeficiency virus is uncommon, and leprosy, rabies, and Crimean-Congo hemorrhagic fever are rare. Between 1990 and 1998, the incidence of malaria, (Ͼ70% due to Plasmodium falciparum) decreased from 32,700 to 882 cases. Cutaneous and visceral leishmaniasis (caused by Leishmania tropica and L. infantum, respectively) and Bancroftian filariasis occur sporadically. Intestinal parasitism ranges from 17% to 42% in different populations. A solitary focus of schistosomiasis mansoni in Dhofar has been eradicated. There are major programs for the elimination of tuberculosis, leprosy, and malaria, and to control brucellosis, leishmaniasis, sexually transmitted diseases, trachoma, acute respiratory infection in children, and diarrheal diseases. The Expanded Program on Immunization was introduced in 1981: diphtheria, neonatal tetanus, and probably poliomyelitis have been eliminated.
Although Oman is generally hot and dry, the Salalah region in southern Dhofar Province (Figure 1 ) is relatively cool and rainy during the summer southwestern monsoon (July to September), e.g., in July, mean daily temperature ϭ 28ЊC, (24ЊC at night), mean rainfall ϭ 27 mm. No other part of the Arabian Peninsula is affected by the monsoon. These conditions encourage certain conditions, e.g., intestinal helminthiasis. Oman lies between the Afro-Tropical, Palaearctic, and Indo-Oriental zoogeographic zones, and this is reflected in its remarkable diversity of flora and fauna (which includes certain arthropods involved in disease transmission).
The population of Oman is 2.09 million; 1.5 million are Omanis and most of the remaining population are expatriates from the Indian sub-continent. Thousands of Omanis were born in east Africa, particularly Zanzibar (which was administered by Oman until 1964). Most Omanis are employed in agriculture, animal husbandry (farming goats, sheep, cattle, and camels), or fishing.
THE HEALTH SERVICES
Oman has a broad-based health service with country-wide primary health care, and district, regional, and tertiary referral hospitals. The Expanded Program on Immunization (EPI) was introduced in 1981, and in March 1991, a National Communicable Diseases Surveillance System was established. The Ministry of Health has major programs for controlling brucellosis, leishmaniasis, sexually transmitted diseases, trachoma, acute respiratory infection in children, and diarrheal diseases and for eliminating (or eradicating) malaria, leprosy, and tuberculosis. The success of some of these programs is shown in Table 1 .
INFECTIOUS AND TROPICAL DISEASES
Important bacterial, viral, and parasitic diseases are discussed briefly in alphabetical order. Table 1 documents changes in gross incidences and incidence rates/100,000 population of some important reportable communicable diseases between 1992 and 1998.
Bacterial infections. Brucellosis. This disease is prevalent in Oman (Table 1) , particularly in Dhofar, where semi-nomadic Bedouin communities live with their flocks. [5] [6] [7] [8] In 1993, 1% of healthy residents of Dhofar (mainly children) had serologic evidence of exposure. 8 Bacteriologic culture (Brucella melitensis is invariably isolated) is available only in major hospitals; elsewhere, diagnosis is confirmed by a standard agglutination test. Since a single, relatively low antibody titer Ն1:80-1:160 is often accepted as diagnostic, the true incidence may be less than that reported. (In Saudi Arabia, titers Ն1:320-1:640 are usually preferred to support a diagnosis. 9 ) Mass vaccination of livestock has yet to be undertaken.
Chlamydial infection. Trachoma (Chlamydia trachomatis) is endemic and produces significant morbidity. [10] [11] [12] Control of trachoma, with an emphasis on public education, has been a priority of the Ministry of Health, 13 and Table 1 shows the substantial progress in this field. Data from genitourinary and gynecology clinics indicates that sexually acquired chlamydial infection is uncommon.
(Acute) gastroenteritis, diarrhea, and shigellosis. 14 These are important public health problems, but the effects of improved water supplies and public education are reflected in substantial improvements in incidence rates since 1992 (Table 1).
Leprosy. The incidence of leprosy has not changed significantly since 1992 (Table 1 ). In 1998, of 39 cases, 12 were Omani adults and 9 had multibacillary disease; the 27 expatriates infected were mostly from the Indian subcontinent. Leprosy is targeted for eradication by the Ministry of Health by 2000. 15 Sexually transmitted diseases (STDs). Between 1992 and 1995, the percentages of different STDs encountered in Salalah in Dhofar Province were as follows: syphilis ϭ 28.5%, gonorrhea ϭ 19.5%, non-specific urethritis ϭ 11%, and herpes simplex virus infection ϭ 5.5%. Condyloma acuminatum, chancroid, trichomoniasis, granuloma inguinale, and lymphogranuloma venereum were less frequent. 16 Table 1 shows the decrease in incidence rates for syphilis and gonorrhea from 1992 to 1998. These reflect the impact of the STD control program. Under-reporting is likely because many patients with STDs seek private treatment.
Tuberculosis. The incidence of tuberculosis has decreased significantly since 1992 (Table 1) , especially the incidence of sputum-positive, pulmonary tuberculosis (PTB), but the rate for extra-pulmonary disease has not changed significantly. In 1998, among Omanis, 109 cases of sputum-positive PTB (prevalence ϭ 5.2 per 100,000) were reported, with an additional 26 cases diagnosed by radiology, and 77 cases of extra-PTB (48% lymphatic and 8.4% bones and joints). There were an additional 75 expatriate cases, including 47 sputum-positive patients. The directly observed treatment, short course policy is now standard for sputum-positive cases. The annual risk of infection (AARI) was 0.5-1%, which is within the moderate prevalence range (World Health Organization, 1994, unpublished data), but in 1995, a survey of school children revealed that this had decreased to 0.2%, which is in the low prevalence range (AARI Ͻ 0.5%). Bacille Calmette-Guérin vaccination is given to all infants at birth.
Typhoid (enteric) fever. There has been no significant change in the incidence of typhoid fever (which includes infection with Salmonella typhi and S. paratyphi) since 1992 (Table 1) . Since a single Widal serologic test result is often accepted as diagnostic, some over-diagnosis is likely. Chloramphenicol resistance is commonplace. 17 Whooping cough (pertussis). In 1998, 484 cases (clinical diagnosis only) were reported (21.5 per 100,000 population). Some of these cases may have been caused by respiratory viruses and other pathogens. Pertussis vaccination was included in the EPI in 1981.
The following bacterial diseases are infrequent or rarely reported: actinomycosis, 18 Lyme disease (Ixodes ticks are endemic 19 ), meningococcal infection (World Health Organization, 1987, unpublished data), tetanus, tick-borne relapsing fever (Ornithodorus ticks are endemic 20 ) , and tropical pyomyositis. 21 Diphtheria (last case in 1992), and neonatal tetanus (last case in 1995) have been eradicated. The following diseases have not been reported: anthrax, bejel, leptospirosis, melioidosis, plague, tularemia, and yaws. Cholera has only been reported once in an expatriate. 22 Rickettsial diseases. Rickettsial infection has not been reported, although potential tick vectors for tick typhus (e.g., Rhipicephalus sanguineus), and Q fever (Amblyomma spp.) are indigenous. 20 It is surprising that Q fever has not been reported because Q fever occurs in Saudi Arabia, particularly in the Eastern Province. 4 Viral diseases. Arbovirus infections. Arbovirus studies have been confined to animals. 23 Dengue, sandfly fever, and Hantaan fever have not been reported (although the first 2 have occurred in Saudi Arabia). 4, 24 There have been 7 cases of Crimean Congo hemorrhagic fever (CCHF) since 1995, and all were associated with exposure to fresh animal blood or ticks 25, 26 (various Hyalomma ticks, the principal vectors of the virus, are widely prevalent. 27, 28 ) . A recent countrywide survey showed that 26% of 283 individuals in contact with live or slaughtered livestock and 27% of 501 animals (camels, goats, sheep, and cattle), were seropositive for CCHF virus (Khan AS, unpublished data). A viral hemorrhagic fever policy is now standard in Oman hospitals. 29 Cytomegalovirus (CMV). Infection with this virus is prevalent in Oman; a study of antenatal patients showed that 95.5% had IgG antibodies to CMV. 30 It is likely that infection with Epstein-Barr virus (EBV) has a similar prevalence. Burkitt's lymphoma, (which is associated with EBV infection and malaria), occurs occasionally in Oman. 31 
Human immunodeficiency virus (HIV).
This infection is uncommon and apparently has been introduced only recently; in 1996, no cases were found in a seroepidemiologic survey of antenatal patients. 32 However, by June 1998, 165 cases of acquired immunodeficiency syndrome (AIDS) had been recorded (cumulative since 1996). The majority (78%) of these case were males, and the source of infection was heterosexual contact in 48%, homosexual contact in 11%, infected blood products (contracted prior to 1989) in 30%, and vertical transmission from mother to baby in 11%. No cases were attributed to intravenous drug abuse. 33 Current population prevalence rates are not available. Control of HIV is part of the STD control program. 34, 35 Infection with human T cell leukemia virus has not been reported in Omanis. 36 Other viruses. Epidemics of influenza occur during most winters. In 1998, 4,914 cases (most attributed to influenza A) were reported. Measles vaccine was included in the EPI in 1981, but epidemics continued until recently. 37 Measles is targeted for elimination, 38 and 98% of the children are currently immunized. In 1998, 5,951 cases of mumps (clinical diagnosis only) were reported (Table 1) . Mumps, measles, and rubella (MMR) vaccine was included in the EPI in 1997.
Poliomyelitis. The incidence of poliomyelitis decreased after the introduction of vaccine in the EPI in 1981, although outbreaks continued until 1992. [39] [40] [41] [42] [43] More than 95% of the children are now vaccinated, and the Ministry of Health conducts National Immunization Days for children less than 6 years of age to promote the target of poliomyelitis eradication by the year 2000. (It seems likely that this goal has already been achieved.)
Rabies. This was apparently introduced by foxes from the United Arab Emirates in 1990, when the first human case occurred. 44 Within a year, rabies had spread among red foxes (Vulpes vulpes) countrywide, 45, 46 and human cases occurred in 1991 (wolf bite), 1992 (fox bite), 47 and 1997 (fox bite). The latter occurred despite post-exposure prophylaxis. Animal bites surveillance was introduced in 1990; from 1990 to 1997, 1,195 bites were reported: 45% caused by dogs and 4% by foxes. During this period, rabies affected 163 foxes, 25 cattle, 11 camels, and 11 dogs examined at the government veterinary laboratory. In 1997, only 11 foxes (no dogs) were found to be rabid (Ministry of Agriculture and Fisheries, unpublished data).
Rubella. Surveys in antenatal patients have revealed an IgG seropositivity of 92% for rubella. 32 In 1994, measles rubella (MR) vaccine, administered at 15 months of age, was included in the EPI. 48 Between 1992 and 1994, 60 congenital rubella syndrome cases were notified, but in 1998, there were only 8 cases.
Viral hepatitis. This disease is a major problem, and in 1998, there were 1,219 reports of acute infection. Infection with hepatitis A virus is endemic, and most individuals probably become seropositive in childhood. With regard to hepatitis B virus (HBV), a survey of women attending antenatal clinics showed that 8.9% were positive for hepatitis B surface antigen (HBsAg) and 38.5% had anti-s antibodies. 49 Unpublished data from blood banks indicates that currently among donors, the prevalence of HBsAg varies from 3.2% to 4.9%. Vertical transmission with persisting, nonreplicative HBsAg seropositivity continues to be common among young Omanis.
The prevalence of hepatitis ␦ virus (HDV) has been studied in renal dialysis patients, 49 but not in the general community. Infection with hepatitis C virus (HCV) is prevalent in renal dialysis patients 50 and among blood donors; presently, approximately 1.2% are seropositive. Morbidity from chronic HBV and HCV infection (e.g., cirrhosis, portal hypertension, esophageal varices, and hepatoma) is frequent in hospital patients. Vaccination for hepatitis B at birth was incorporated in the EPI in 1990. Table 1 shows the decrease in HBsAg seropositivity from 1992 to 1998.
Prion diseases. Creutzfeldt-Jakob disease (CJD).
Two typical sporadic cases of CJD have been reported. 51 Bovine spongiform encephalopathy. This occurred in 2 cattle imported from the United Kingdom in 1990. 52, 53 When variant CJD (vCJD) syndrome was reported in the United Kingdom in 1996, 54 the importation of British beef was banned, and a vCJD Surveillance Unit was established.
Systemic fungal diseases. Mycetoma. This disease, which is caused by actinomycetoma and eumycetoma is prevalent, although culture identification is rare. [55] [56] [57] Systemic fungal infection occurs particularly in AIDS patients, but histoplasmosis has not been recorded.
Parasitic diseases. Leishmaniasis. Although various sand flies, including Phlebotomus alexandri, P. sergenti, and P. papatasi occur in Oman, the vectors responsible for leishmaniasis are unknown. [58] [59] [60] In a study of cutaneous leishmaniasis in Dhofar between 1984 and 1995, Leishmania tropica was suspected to be the usual cause, but culture and identification was not performed (Ali MAM, unpublished data). After culture methods were introduced in 1996, L. tropica was isolated from a Pakistani resident of Oman. 61 In 1998, 25 cases of cutaneous leishmaniasis were reported.
Visceral leishmaniasis (VL) is confined principally to children in the mountains of northern Oman, 62, 63 and Dhofar. 64 Between 1992 and 1995, the annual incidence rate of VL in Oman varied from 14 to 40 cases, but in 1998, only 5 cases were reported. (Many children treated empirically for kala azar are not reported.) The first successful culture of Leishmania in Oman was achieved in 1998 when L. infantum was isolated from an AIDS patient. 65 Post-kala-azar dermal leishmaniasis was observed in a child whose parents did not allow a full course of treatment and follow-up care at the University Hospital in 1996. She presented approximately 6 months later with typical post-kala-azar dermal leishmaniasis that resolved following further treatment.
Malaria. This disease is caused by Plasmodium falciparum (Ͼ70% of the cases) and P. vivax in Oman. The vectors Anopheles stephensi and A. culifacies are present in Muscat and the northern provinces, A. fluviatus in the central mountains, and A. custiani (which is a day-biting mosquito) in Dhofar. (Despite the favorable climate, malaria is uncommon in Dhofar.) In 1990, there were 32,720 cases of malaria, but subsequent to the implementation of the malaria control program in 1992, the incidence decreased to 880 cases in 1998 (Table 1) . Falciparum malaria may be introduced by visitors or migrants from east Africa or elsewhere, and inevitably, chloroquine resistance has become prevalent. [66] [67] [68] [69] The high rate of protective erythrocyte anomalies in Oman suggests long historical exposure to malaria. 70, 71 The mean prevalence rates are sickle cell trait ϭ 6%, ␤-thalassemia ϭ 2%, and glucose-6-phosphate dehydrogenase deficiency ϭ 18% (male:female ratio ϭ 2.5:1). (Al-Riyami A, unpublished data).
Toxoplasmosis. This disease is endemic in Oman: 42.3% of antenatal patients in 1 survey were seropositive for IgG antibody, 30 and in Dhofar 59% of the population were seropositive. 72 Cats are common in metropolitan areas, and widespread population exposure is inevitable.
Trypanosomiasis. This disease is not found in Oman (although non-pathogenic Trypanosoma evansi affects horses).
Helminths. In 1997, Oman was declared free of dracunculiasis by the World Health Organization (WHO), the last recorded case being in an expatriate patient in 1992. Echinococcosis (hydatid disease) is encountered mainly in shepherds in Dhofar. 73, 74 Dogs are rarely kept by Omanis (the animal is considered unclean).
Filariasis. The WHO regards Oman as being endemic for filariasis, presumably because of a report in 1953 (Hawking F, unpublished data), but cases have never been reported. However, from 1996 to 1999, several patients, including Omanis born in east Africa, have been diagnosed to have amicrofilaremic filariasis based on clinical and serologic grounds and response to treatment (Scrimgeour EM, unpublished data). Culicine mosquitoes including Culex fatigans are indigenous.
Onchocerciasis. This disease does not occur, although indigenous blackflies (Simulidae), occur in many locations. 75, 76 (Onchocerciasis occurs in the mountains of Yemen and southern Saudi Arabia. 4 
)
Intestinal parasitoses (protozoa and helminths). The prevalence of intestinal parasites has been studied in many regions, especially in Dhofar. 77, 78 In a 1994 study of 5% of the Dhofar population, including adults and children, 25% had parasites. These included hookworm (Necator americanus) (23%), Giardia lamblia (3.4%), Entamoeba histolytica (0.5%), and less frequently Trichuris trichiura, Hymenolepis nana, Strongyloides stercoralis, Enterobius vermicularis, and Ascaris lumbricoides. 79 The highest prevalence was in those 6-13 years old. Infections were mild and were not associated with anemia. Studies of hospital patients in the Musandem Province 80 and of school children in Muscat 81 and Nizwa 82 have shown parasite rates of 42%, 27.5%, and 33.3%, respectively. Further studies have been recently reported from Sur 83 and the Nizwa district. 84 Non-Omanis have different rates of parasitism. Of 6,000 food-handling recruits, (mostly from the Indian sub-continent), 12.7% had parasites. These included A. lumbricoides (4.8%), T. trichuris (4%), and A. duodenale (3.8%), and 1 had a Taenia saginata infection. 85 Cutaneous larva migrans is prevalent in Dhofar, especially during the monsoon. From 1990 to 1994, 389 cases were observed, principally in children. 86 Schistosomiasis. Schistosomiasis mansoni was first identified on a farm at Salalah, Dhofar in 1979, and the vector snail was Biomphalaria arabica. 87 The disease may have been introduced by Egyptian and Sudanese laborers. In 1989, 28% of 47 farmworkers, 12% of 99 adults, and 1% of 389 children attending Salalah clinics had serologic evidence of exposure, and a snail survey conducted simultaneously revealed for the first time that Bulinus wrighti, a potential host for S. haematobium, was present in the district, although urinary schistosomiasis was absent. 88 The control program was reactivated, and by 1994, the incidence of schistosomiasis had fallen to zero. The sequelae of chronic schistosomiasis in Omanis from Salalah and east Africa, and in expatriates from Egypt and Sudan continue to cause morbidity. 89 Surveillance continues to ensure that the disease is not reintroduced, and this includes evaluation of Salalah residents who present with serologic evidence of residual infection.
Taeniasis. Infection with Taenia saginata, 85 but not T. solium, has been reported (the keeping of pigs is forbidden in Oman). Cysticercosis is confined to an occasional expatriate.
Toxocariasis. This disease has not been reported. A study of children with eosinophilia at the Sultan Qaboos University Hospital from 1995 to 1997 failed to identify any subject with positive serology suggesting occult toxocariasis (Scrimgeour EM, unpublished data).
Myiasis and ectoparasites. Myiasis. Various diptera, e.g., Chrysomyia bezziana, the Old World screw worm fly, occur in veterinary practice. 90 Ectoparasites (apart from head, body lice, and scabies) are infrequently encountered; however, an animal scabies epidemic affected 50% of the population of the Khasab distict in Musandem in 1996 (Naidu TY, unpublished data). Scabies is relatively common in rural children from impoverished districts.
CONCLUSION
The spectrum of infectious and tropical diseases in Oman is wide, but apart from a few conditions, incidence and prevalence rates are low. During recent decades, the Ministry of Health has initiated many control programs for major communicable diseases to promote the goal of Health for All by the year 2000. Substantial improvements have been achieved in many areas (e.g., in malaria, tuberculosis, and trachoma control), and some infections, including schistosomiasis, diphtheria, neonatal tetanus, and probably poliomyelitis, have been eliminated. 
